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Introduction: 
Differences in the major element and isotope 
composition of carbonaceous, as well as 
unequilibrated ordinary and enstatite chondrites (EC) 
are thought to be the result of the fact that these 
meteorite classes sampled different regions of the 
solar nebula. The differences in the sampled nebular 
regions are also reflected in the presolar component 
of these meteorites, with carbonaceous chondrites 
showing the highest presolar grain contents among 
different meteorite classes (up to ~250 ppm by 
volume when normalised to the meteorite matrix; e.g., 
[1]). However, data about the presolar grain content 
and presolar grain composition of ordinary 
chondrites and ECs are limited and often rely on 
investigations on the bulk rock scale. ECs are 
believed to have sampled the least amount primitive 
material yet some of them have a higher presolar 
grain content (up to 150 ppm; [2]) and a wider range 
of presolar grain abundances than even 
unequilibrated ordinary chondrites [2-4]. How much 
this variability is the result of nebular heterogeneity 
(induced by e.g., nebular processing) or of parent 
body processes (e.g., metamorphism or hydrothermal 
alteration) is currently unknown and needs further 
investigation.  
In the framework of a recently initiated project, 
we would like to revisit the presolar grain abundance 
and composition of the Yamato 691 (Y-691) type 3 
EC. Previous work has shown that Y-691 contains 
presolar grains but not all presolar grain types have 
been searched for in the sample. Besides, the presolar 
grain assemblage of the meteorite was investigated 
using an instrument (the IMS 1270 ion probe 
equipped with stacked CMOS-type active pixel 
sensor; [4-5]) with lower sensitivity than that of the 
nanoSIMS, the routine tool for the detection of 
presolar grains. This may have caused an 
underestimation of the abundance of presolar grains 
in this meteorite (as was the case for Acfer 094, [6]). 
A complete and statistically more robust dataset of 
presolar grain types and their respective abundances 
in Y-691 based on nanoSIMS measurements, will be 
invaluable for the presolar grain record of ECs, since 
there are only three other ECs whose presolar grain 
inventory has been investigated using the nanoSIMS. 
 
Sample description: 
Y-691 is among the best studied ECs [e.g., 7,8]. 
We obtained a thin section of Y-691 from the NIPR 
to find presolar grains with the nanoSIMS 50L of the 
Utrecht University. Prior to nanoSIMS measurements 
we used secondary and back-scattered electron (SE 
and BE, respectively) images and X-ray maps, 
obtained with the JEOL JSM 7000F field emission 
electron microscope of the Vrije Universiteit Brussel, 
to locate those areas of the sample which are the 
most suitable for later analyses with the nanoSIMS. 
Y-691 consists of (1) 50-1000 µm diameter 
chondrules of irregular, ellipsoidal or spherical shape, 
(2) rounded multiphase metal-sulphide assemblages 
from tens to hundreds of µm in diameter, and (3) 
matrix of mono- or multiphase silicate, metal and 
sulphide minerals/mineral assemblages of irregular 
shape and variable diameter from <1 µm up to 
several tens of µm (Fig. 1). We refer to the <2 µm 
fraction of the latter material as “ultra-fine-grained” 
matrix hereafter. Such matrix regions are the primary 
targets of nanoSIMS investigation as most presolar 
grains are characterized by 0.1-1 µm grain size [9]. 
The ultra-fine-grained matrix of Y-691 
constitutes a few ‰ of the meteorite by volume. 
Despite its low overall abundance, it is found 
throughout the sample. However, most frequently it 
occurs along the rims of chondrules. Its mineralogy 
appears to be similar to the mineralogy of the coarser 
grained matrix components [7,8] although we have 
not found niningerite or oldhamite in it. Based on 
X-ray mapping and semi-quantitative point analyses 
using energy dispersive X-ray spectroscopy (EDX) 
the ultra-fine-grained matrix consist largely of Mg- 
and Ca-Mg-silicates, a silica polymorph, Fe-Ni metal, 
perryite, schreibersite and troilite (Figs. 1-2). 
Ultra-fine matrix grains are variable in size (mostly 
40-1500 nm) and shape (aspect ratio between 1:1 and 
1:5) but most grains are roughly isometric (Figs. 1-2). 
Similar to other components of the meteorite, the 
ultra-fine-grained matrix of Y-691 experienced little 
aqueous alteration (Fig. 1). 
 
 
 
Fig. 1. Detail of the ultra-fine-grained matrix of the 
Y-691 (SE image). Scale bar: 1 µm. Silicates appear 
dark gray, phosphides and sulphides appear white. 
Medium gray regions are metal rich alteration 
products. See Fig. 2a for a more detailed mineralogy. 
  
 
 
 
 
 
 
 
 
 
Fig. 2. BE image (a) and Mg/Si (b), S (c) and P (d) 
X-ray maps of part of the ultra-fine-grained matrix of 
Y-691. The mapped area roughly corresponds to that 
depicted in Fig. 1 but it is slightly larger. The scale 
bar in (a) corresponds to 1 µm. Tentative mineral 
identification (a) is based on X-ray mapping and 
EDX point analyses. Mineral abbreviations: Mg-Sil 
= Mg-silicate phase(s), Sil = silica polymorph, Sch = 
schreibersite, Per = perryite, Tro = troilite. 
 
Discussion and Outlook: 
Ebata et al. [3] estimated a matrix-normalised 
presolar carbonaceous grain abundance of 14 ppm 
and a presolar silicate grain abundance of 4 ppm for 
Y-691, based on IMS 1270 ion microprobe imaging 
(see above). The authors did not distinguish between 
carbonaceous grain types although in a later study 
[10] mentioned SiC and graphite among the 
carbonaceous grains without specifying their 
respective abundances. The above presolar grain 
abundances are in stark contrast with the nanoSIMS 
results of [2] who found ~100 ppm presolar silicate 
and ~50 ppm presolar carbonaceous grains in SAH 
97159, an EH3 chondrite with almost identical 
mineralogy and alteration to that of Y-691. Thus, if 
the presolar grain abundance estimated by [3] (based 
on the low-sensitivity measurements) is confirmed 
by our nanoSIMS measurements, the lower presolar 
grain abundance in Y-691 relative to SAH 97159 can 
be interpreted as the result of the heterogeneous 
distribution of a presolar component in the EC source 
regions of the solar nebula. As mentioned above 
however (see Introduction), it is also possible that the 
observed difference in the presolar grain abundance 
is owing to the lower sensitivity of the analytical 
instrument [3] applied. Based on the isotope images 
of [3], these authors scanned large areas of the 
meteorite matrix, including large matrix areas with 
>1 µm grain size, to detect presolar grains. In order 
to improve the efficiency of presolar grain detection, 
we focus our efforts on the ultra-fine-grained matrix 
of Y-691, to detect presolar grains and use the more 
sensitive nanoSIMS to investigate the sample. 
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